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?fl2flAlE^ -fh^Bl-Sl ^Sfl- <Z\Z\]-S}7] flS}- ^^St-^ 0 ! 7HA1S1D], 5g^2)-E|-0. 

315]-* 1-^-^^ iLJL^s)- ?flBflAlE^ AH^l «)l^£)ol ij:^ $q a] ifl-jg 

3tt ^±.7} n^^S. Q&ts}^ *}&i}5L SL3L^£- ?fl^]AlEj 

«KE*ti Dflse) i*}^ «j-^ol 7fl a] ^cf. 
£ la 

[AjjOlO^] 
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1^2} ^] 

^r^S. °]*<m\ Stf^rfe cIt^S. 53^5|-€ 511*11*13* ^-Hltl- 

£31 tf\S.?] 4i^> ^ jzsJ ^{Semiconductor memory devi ce having capacitor 

encapsulated by multi-layer which includes double layeres being made of same materia 
and method of manufacturing thereof} 

5. la^r ^ofl *r€- »| l a] ofl* ^i^uf. 

^ lbfe •& Ur^l ^ tiV^^l WlS-Bl ^1 2 <^1* ^Al^ ^^£ol4. 

£ 2a ifl^l S. 2ffe £ la£] ^£X] *fl£.e] ^>a1 ^^^>7] fl^r ^ 

£. 3a vfl^l £ 3d^r J£ lb^ iflSLBl X)^ fJ-^-g- fl^r * 

5- 4c^ ^ *^<^1 2#^1 <fl;-?-nlw A}.^n{-o_^ ^#3r*l-# *fl-g-«; 
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£ 4d£r "S-f-nl^. AVs^o. ^-^f,o. S $^3. ^^s\- £ trj-e}. 2 %-o_S. ^ 

^S.e| 4ixK DRAM(Dynamic Random Access Memory)^- ?(1 sfl a] Ei » 

S«-*Kn. Sflfc3|, $^5.4] ^7>sf ol*«H DRAM <EHH-fl <S3°1 fltj.. o]d\] 4 

7lfe U^, ^SfM^ AjOjL ^=3|. *}Jf ^= A)-o] ofl Aj-o^i, -fr^* ^t^g].- yj- 

Si** W <HI£- *))2 ^^Kn. 4€- ^fla #7} Aj-^al s-^]7> ^ g*q 

100 Aol*)-^ 3-^*11^ *}<3 ^fMl 2l«fl 4ix>fi) -tl^xjol ^s>s)^- 

€-*«7r £14. >42M 3|e *<H ^r£^l ?flBflAlE)5i| -ff-^O.S. Jl-fr^* 

* 7>*lfc °l-8-*H=- ^7} ^-=-g- ^ 01 q-. 

M-^vflol i)Jf ^7l#ol Aj-EfloDA^ ^ ^(remnant polarization, 
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°l*r Pr°le* ^m^. €*fl ^3 A)-g-sU flfe. FRAM 

(ferroelectric RAM)°)M ii7l5 iJ- ^ Sl7fl , S£*V #-ff- £-^-&-o] 0°1 s]^ 

^iHd, JH^aIe] ^Aj cl^l, ILD( Inter layer Dielectric) -g-^ , IMDdnterMetal 
Dielctric)*^ ^ sflAlBflol^ ^ ^o] ^^^cf. <>le|# ^l-§- ^«SH=- ^0.3. 

Sr«t-7|^-^a]-w 0 v^(CVD;Chemical Vapour Deposition) SE-b #e)-^ D r ^-^-^l^-^zj-wj-ig 
(PE-CVD;Plasma Enhanced CVD) ^-fr -M-§-*M , ?fls)°1 7}i£ ^± S£^- ^rfc-fr ?]--8-tr 
^^■7>i(SiH 4 )-^# *>**ch »1€ ^fleH 7 r i#£ «:«7>iS. *|-8-*H -tVi 
a^-tr 7j-R-^^)l §;g <^1» Pb(ZrTi)0 3 JEEfe- SrBi 2 Ta2C>9 -g-^ ^ ^r-g-*r°i #(H 2 

0)* ^tr4. 3^, #-fr€*fl3 ^t^l 1H?5H, #-8-^3 #713 # 

5,822, 175J:ir ^ SKM ?B nfl a] e.-| -fr^^ Sfl^SM ^*fl, ^sflAl 

El» ^E]s xj.3j.q-, £ 3g^ ^gj. ^ zJs^o.^. sJS^^fe. Mj-^-fr 

^Sfl^ «gAj ^ofl flo^fe ?fl3))AlE^ -fr3l^* 1^5>J1 Uj-A-I ?flBt)A]E^ 
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■fr^q-a- a^^-sM £<a ^hs* $\n 600 soot: * 

1*1*) *M9€t)-. 

<15> n^Cll, 7fl3l)AlEl -fr^l^-g- JSUlSM ^ ^S^^ ^ A] ^4l7> *H °1 

Si rir -B-^sV^-S. SE« 1*1 3 2]sfl S^M ^5]^ 

<16> 14^, °l^-^> 7}^ 3\X}$=, *i#*V «fl^f 

5flfe i^-SHr ^fie] i^-I- ^WRr ?! 014. 

7flsflAlE-il- £LS.^ ^ <U^- 3H+ EM- i^*|-ir «KE.*)1 oflJEel i^>* 

<18> X- g-igg] 7l#^ ^§> 7 ] fl^. .g. M^o} ^^ofl 4f nflSBj 

*H?- 3^, -tH?- £^ ^ *H?- sl^4 ^ 4 8 li ^€ -B-#^-8r i^fe ^flsfl 

^ A l J^fc ^V^«" n^l^., ^ 1 Ji^a) ^^si 10 % ifl^l 50 %<a 
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<19> aV^^j ^l^. ^ x t^of ^-^ofl fgAjjg ^ ^<gu]- * jg.^ 

^-a^- ^Hi ^^sife xi 2 ^sj-^-a- d| a^tt. xi xi 2iu:e]- 

2] ^ A] ^±$] ^-A>0. ^cj-^. ^^ ]# 7M ^ t ^ Aj^^-O.^ 

<20> £ 7l<£3j aZj-^S. ^s|.7l fl^. ul^o) ^aofl ^ uv^^ „,i £e ) 

*l~¥- A ^ =£3 ^-S-ofl -8-3 i*K ^ ^ ^1 -B- 

^ ^^-i- *1J$ *3s ^e|s) <a^s]^ xl i Ir^-jgej-jq- -g-71 

^ xl l -M-^^ ^^=1^- xl l ii D -|-t af-^fe ^ ? J#sm-§r i-f-^. a) 

?H. xl l xi mi»^ ^ ai ^sife ^±2] sh+o. 7 |. 

<2i> nils.e| ^V^. x) 1 -#^°11 ^^a]- 3! -§.<y 

a^-*>Sl tH* f^V ^B]- Aj-o)] t§Ajs]i=. ^ 2 ^SK-fr cH i^nf. o^7lAi, X) 2 
** j a^£ XI 2iLJLel-s] ^ a] fl^fe +^s) 7 H^, 

<22> SEt!", «-§?-^-§- ilflol-Hfe m i^M^ ^Aj A] 
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<23> £^ =4? -a-SH-^- A1 2 0 3 , Ti0 2 , Zr0 2 , Ta 5 0 3 g Ce0 2 3. <^ 

< 24 > 4)1 ! ^jgBfo.s. A >-§-«- 3 + XI 1 *^"<J^ 50A°l*h 

hI-^SVXItt 10 ifl^l 15A<>H, Xl liLJ:^ T^fe ^ 100A°lcf. 

<25> aVrgo} tj^g. ^^^7] ^ ^ irt^eq ^ 

7)1& Aj-ofl *J-¥- Aj-*- ^ ^ aJ-J=L ^ x^o,] Aj-oj^ o.^ 

a«-*>fe ?ll^AlEl# ^*Rr #31 SJ ^Utt ^s)s) ^^e]^ 4)1 1 * 

<26> t}=§> sg-fe^q-fi- *g^f>\7} 4)1 1 l-^-^lBj-o] Aj- 7l ? fls(|AlElS. ^A^j. 

-2, xl 1 "a^sl?!- 3 <a^e)^ xl 1 i-^-sgej- #13011 xl $jg$ 

4. ^l^Ml Xl 1 iLJi^-H l^e)* aja^- ^ 614. 

<27> 4)] m^^- ^Aj l&7jl ^, Xl 1 JiJie]- Aj-^ofl ^ ^ojej-g. ^^tt-cf. ^Bj- 

#€JL l^em Xl 2-&^-3g^jq- Xl ^sqfc 

Xl 2 J2.3LBM: S^fe 4fl 2 cf^ ^<&5^-§- 4)1 2 nf^ 4fl 21- 

^■sgej-fr f^ti^ Aj-ofl ^^sl-ji, 4)1 <i^el*}ji I^E]^ 4)] 

^ XI 2J2.£^-* $>g#cl-. Xl 2&3L?\ igq QA] Xl 2£.S.^& 1^e)«- 



<28> ^ ( 4)1 1 *»5g^ * 4)1 2 l-lKo 1 ^ ^ #3HH, XI 11-^-58^ 58 411 2**-*g 
Sh-gr Zl-Zf- XI 112'4 51 XI 2JSLJLB}- Al ^-AjJ^i, ^-AV-g- j^Sf. J^jj-g. 7 ]. 
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2] 10% ifl^l 50%°14. 

<29> Til ^ 21-s-3gB|-8: ^ ^-sf^-AS ois^^j! olEi ^ -LVaJ-eJ-^ 

AI2O3, Ti0 2 , Zr0 2 , Ta 5 0 3 ^ Ce0 2 3. ^€ «H-«1^. 

oo> ^ 1 -M-s-sgt^ 2-&^sg A1 2 0 3 » *>-8-*Hr 3-Hr ^flfe «j= 50°1 

s>, h>^s>t11^ »1 1 ## 5 8 e |2] ^fe. 10 ifl*l 15AoH, 4 liLjL^S] fij= 
100A°14. 

<3i> $.qf f 7fl 1 *^^BJ-, ia.i^ f ^| 2»^fl«)- £^/^ *)1 2^.s^-ar *J- 
<33> ol*> tS-^o} ^Al^s.^. 3.^3 5L^^ t2i ^ 

< 34> -E la^r -g- 4* ^>£^1 "flS-Sl ^a<Hl nfl^t ^ 1 -*U] ^ s.X\^ 

^£ol4. 

<35> 7l*(l0) -iMfe LOOOSCLOCal Oxidation of Silicon)-^W a]«H 

^4 *21«K12)<>1 ^Ajsqji ^ $E]BKl2)o1| <g ^ o] ^ fi] E) <H o}t}. ^ 

52-10 



1020000046615 2000/11/1 
U-^ofl S]5><^ *§A^ o^cf. E^liEKT)^. X| 6] E # 

^■(14), ii «8 5^(16) 5? ^efl^l «8^(18)^S. ^sH, t)He ^=(i4)jq- «VE;Hl 7l 
#(10) A>ol<Hl^ 7flo]M ^^(20)^1 711^^4. >fl°lm ^(14)S1 ^«°)l^r S^o. 

^*>*B]1*K12) ^ €31Jl4 M^^liE-)(T)7l- 7l#(10)^ ^^o]]^- 

'il^Rr ^7^]Jl31- E^liEKT)-!- &7]q±3. «-e)Al?)^ »| i ^^b}-(24)o] ^ 
^^ol 5fli*. Xl 1 ^^(24)-& =L iflJ?.«*|| ^^#£^(26)* ^1^4. Xl 
1 ^^^(24) ^| 2 ^<g^(28)c>l 5a^. ^ Ml^-ofl^ h)e 

e^-o] sfl£L(30)7l- $Xt±. ulee(.o) 3)^(30)^ E a1s)^ uje e). 

#7]*\0_3_ <&%$5L, 7l#S] efl* <g^(18)4 <g^S)^- 

^#e)^(26H <S^€^. JE^, Xl 1 *3«K24)4 XI 2*# ^^^(28) MHfe 
€e|^(32)7> 7l#£q <3«3 ^^cfl ii 03^(16)* ?fl2flAlEl<Hl 

•S^t*. »fl2.al i^>a1 7Ma1e^ *Hf #^(34), -fr*l^(36) ^ 

(38)o.S ^€4. *Hf ^#(34) ^ ^ ^^-(38)^8: vfl^g -ft^-Hj- £^ 

2t^S 5! —5. , Pt, Ir, Ru,. Rh, 0s iE^r Pd^ ^ 

SrTi0 3 , BaTi0 3 , (Ba,Sr)Ti0 3 , Pb(Zr,Ti)0 3 , SrBi2Ta 2 09 ( 
(Pb.La)(Zr,Ti)0 3 , ^ Bi 4 Ti 3 0i 2 5. ol*<H*l S«1M -id«)3 <Hi=: «m 5E^r o]-§-s] 2^ 
D -l-*l °l*<H^t].. ?fl3flAlE^ s.&J$ l-e^(32)°fl 

?flB))AlEi2] Aj-Jf #=-(38)2] QJJ?-* ^l^tb # IS £ XI 2 ^^B|(28)S) # 

X'Soflfe 7fl3l)AlEl# a-ASf-fe *fl 1 sg#aHK40, 42) ol $X^. Xl 1 
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(40 , 42)e}- -g-fcoflfe nflf- ^«|(46)* 7fl^-?-# ^-v]^ *\] 3 %<£v$(u)o] «§ 

^ ^-§- &i£o\} SL5L-s}7] W afl 2 *2# 

^(48, 50) ol *)) 2 ^^^(48 , 50)°1 SlS^lfe *IW 

«IM'gsK52)°l y^o) SZcf. 

*fl 1 ^s^UO, 42) g| all 2 *a-fr3-«K48. 50)^ zfz]- ?Hb)1a1e^s1 ^.^q-( 36 )o. 
iLJ:s]-7| JiJreK42, 50)4- <g^*l iH^Tr aflifltfl W-^V-t 

Wife t^-'8«K40, 48)* i^cf. £1 D 4^ *^-^5V AWofl ^sM- >fl 

^1 i fl-fcaR-al ail i*^-fl«K40)-er all i m-sa*-^ all ll2 D -)-(42) 
4 *M°)1 »H*|S|ul. all 2 3S£SJ-^Sl all ^(48)£- all 2 jg^S}-^ »1 

2^15:^(50)31- a)l 1 ? J#sH2}- -a-ofl ^^Slfe *]) ^<g^( 44 ) A>o]oil nfl^^q.. # 

■iKo 1 ^ a-i^-fr *U ^=1^ ^ AS. zj- ej-fi) 71^1 4e)- cHs. ols.^. 

1 #^-^^-(40) £ A 2-&J»-^«K48) 55 a)l 1 JLfc«K42) 5? all 2JiL3< 5l-(50)■£- 
^-# -ttaj-^-S-S. ol^ol^^, A1 2 0 3 , Ti0 2 , Zr0 2 55 Ce02 4d«l« <Hi= *K3. °1 
=.ol^ol h^z^c).. *q 1 ^.a.^i^-(40) ^ ^ 2*-*3«K48) 55 afl l ^.3:^(42) * 

ail 2ii«K50)-a- QA% U J-^ s^r l-Hl-a^^-t)-?!^^^^^ #<a- 2L^ *J 

*fl 1 l-^-^ 1e K40) 55 *il 2 l-^-5gel-(48)ol all 1 &S-^{42) 55 ^1 2 iLJ:5}-(50)3l- 
»^3. #^30.3. #£■ ^4 7^1^, all 1 j£JH2j-(42) 5? all 2 

i5l^(50) 3^ *1 tf48£|fc ^-<l>* *>^*M all 1 
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(40) 55 *\] 2 «-^e]-(48)Sl = ^ ^ ?]] j^j a] e] s) ^1^ SE^ o] 

<4i> a a. ^ l -H-a^ii^o) ^ ^ 2 £.^.^101.(48)^ <=^- cfl 

#(42 91 50) A.] ^3 ^MMfc £j}t^ > «].^ 

^)o] 10 tfl^) 50 %olnf. 1 ^.s.5gnv (40) * ^ 21:^-^^(48)^ ^ 
*)1 «^s>7l ^] 1 -a-lLig 1^(40) 51 ^1 2 1-^^J^-(48)^S. *])-§-£) 

^(40) 5J *ll 2-M-s.sg^(48)^- <g^s|*H -fr^I^I 3K v *r <=q ( <g 

^-7V <a^M-^l >^^# ^en^i}. 1 1-^-? o ih|-(40) 53 *]| 2 

«-^BK48)^ 1-^ ^ 51 ^ ji^a]^ ^0]]^ 11-4=. ^(40) gl *]) 2 

«-^-^^(48)S] <i*\S] ^A]?}^ ^^£f aj-e^ -] ; 1^0)1 

"flAfe 7fl2flAlE-l ^ O]^ J£i- igAj ^Jl). ^sj-Oc] 1i-^£|-& 



<^1» ^ 11-^-^^(40) * *1] 2 M-sg«K48) ^ A liLl^(42) « ^ 2 il 

3:^(50)6.5. Al20 3 « A>-g-s>ji ; »1 1 ^ ^ 2^^(42, 50)1- ^ lOOA^-S. $ 
-$-41^4 21-^^1^(40, 48)^. 50A°l*h «rlN]Sr7ti^ 10 ^) 15A°M, ^^s] 
^r^9l ^fc^ n^-i ^±nt}7} flgfl RTP(Rapid Thermal Process)!- *fl-g-*r 
<S^3 Ala] 400 ifl*l 600°C, «HMsM]fe 5 5orc»lcf. 

*ll 1 ^#3^-^ ^ 1 £_5_^U2)-& ^ 1 ^.3l^-(42) Aj-igo)] 3^^. 
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«K44) *1 *M8£|«H ^<a^(44)vflo)l -g-^SH ^±j\ -fr^iSK36)OLS. S*- 

3i* ^lt^. ^31, Xl 1 a.Jl5V(42) ^Aj/.] ^s)^- ^ofl ^sfl -fi-^Dj-S] 
-frSl ^<>1 ti^fe £-X)-b X) 1 ^^-(42)2}- ^-^^(36) AMofl Bfl^slfe Xl l « 
^■^e)-(40)oll 2^ «fl^^4. 
<44> »i 2 ?g -£3^(48, 50)2} Xl 2iLJieK50)£r °1^M1 *£s$s\^ sfl^HH ^(52) ifl 

<H1 *«a€ Xl 3 ^^^(44)* 3-fr*H -fr^^M S-iH^ 3^ 

x) i sg^-^.^ X) ia.J:B}-(42)3q- Xl 2 ii^^(50) ^ -*•] ^±.7} <£ 
*&%Pt. Xl ^<a^(44)3)- 3))A]B)lol^n^(52) Afolofl ^ 2 ^s^Sl l-if-^ 

^(48) ^.^H]-(50) >£-g- ^^*cf^ XI 2 ^#^31 S.S^(50) *gAj a] 1}-^£li=. 

tiir XI 2 ^S^S] a.Jl^-(50), XI 3 #■?]- ^^(44), Xl 1 lis]- 
(48) % XI l-&^39^-(42)* *sfl ?HBflA]E^ Sfrxj.^ ^ o^cf. ^eiuf -g^o^i- ^ 
2 J1J:^(50)4 Dfl ^.1 El , Aj-^i^i^ ^ 3 ^ ^<g^( 44 ) A>oloil Xl 2 #^-^^-(48) 
1- ufl^l^-o.^, 3flAlH])ol^^-(52) vflofl -g-<g^ ^±<*\ ^-AJ-g- j£t|- ^^*>X1 a^a]^ 
5fl4. 



<45> ^ £ aJaH)o)1a-1^ ^(34). -fr^B|-(36) ^ Aj-«. ^(38)21 ^* S-f- 

Ji4 431 Xls.*!. *H?-^?-, -R-^ Aj-« ^a. ^o.^ 37)) ^ 

<46> £ lb^ ^-^o)l ir)-s. at-i^l) l£e] i^2] ^ofl tfl^f. xl 2 -SaH1£>1 #<g.E 

<47> wVEXl 7l#(210), -g-el ^(212) , S^^1^E-)(214, 216, 218, 220 S 222), Xl 
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1 (224), #^^.(226), X| 2 ^^^(228), e)--?] = 

(230), -a 13) l-ein (232) ^ Xl^lE^ t}^- #^-(234)-£- £ la°ll 5.*)%. hVje.31 71^- 
(10), iX- €-21^(12), SSfl^liEKU, 16, 18, 20 ^ 22), Xl 1 3«3*K24), $ 

«g #51^.(26), *ll 2 ^^^(28), ti]E e^-oi ^^3)|c(30), ^ ^z]=l (32) ^ 
7)1X1^21 ^ ^=-(34)^ 

7flsflAlE^ *}Jf #^-(234)21 Aj-ig ^ Jf-^-ofli^ ^-^^(244)o] ^^^o] ^ji, 
Xl 3 *£<&^(236)-gr ?flB))AlEi2l sf^- #^(234)2} # ^-g-^fM <?]3 SB*- # 

^"^ ^ # ^1^^. X| 3 ^^^(236)^)- -B-^^(244)A>ol6|l^. 

iiflolA^I- ^^S)o1 o]^ -M|©Hfe ^.<a*!- tM33£1, -^^^(244)^ z\ 

3 (242)5!}- isfl 0)^(242)2}- XI 3 

(236) AWofl Hfl^lS)^ iLJl-g- i3fl6H(240)* itf^tj-. Ir^-g- ^Xl°H(242)£r fi. 
31 -g" ^Xl °M(240)2] A] ^JSlfc- 1-^1- e|# 4^4:71- -f|- #^(244) .2.3. ^a> 

*>fe ?J-t- "o^M, J±J:-g- is)1fl^(240)fe X| 3 ^sJ-(236)iM -8-^3 ^r±.S\ 

SHJ* ^cM^Rr ^iM" l-^-^'-g- iJ)«H (242)2)- Jii* ^X|°H(240) 

4°H 2j-^ iB|)o]A|^. D| ^ ^S|lolA|eJ.^ ^ Aj- c]^ ^st)|o|A-]S 

*ti-§-*Hr 3°1 

-Hfe *!"¥■ 3^(234), -B-^^(244) * ^=(246) *«>1 3X1 %^§^9X^, 

=F?- ^^"21 s-o] aj^^ o. s ^.j7 -fr^a) 3 X1 ^ £ 

-*■¥■ €^"(246)21 -V-^m Xl* €^(254)<>1 ^Ajs)o^ ^ x ^ 
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3^(248, 250)-& ^ ^^-(246)S1 # <J]^ ^ #^2] ^ 

*\] 1 ^#2^(248, 250)£- ol^^ls]^ ? fl af| a] -f. ^ 

#a1*Rr *ll 1 l-s-? 0 in)-(248)4 *)) l l-s-^^(248) -tf^-ofl ^^5)^ ^] 1 iL 
Jl^(250)# i«-*M}. ^ t »1 i ?$<£^(248, 250)^ ^<HH o] 

# ^BilolAiS]- tri^ tj-^. l-^JL ^ *H 1 ^S^-fr 

^«»(254)°1 -^-g"§- ^)]Sls>al *fl 4*5 ^^#^(252)^.5. ii^ /.jfl 

0 H3 l-g-^J-g. >;Btlo)Ai (242)2)- -^-A^Tfl, 1 ^^Sj-Hj-S] ^ 1 £3.3 5l- ( 248)£- 

1 ii^:^-(250) a] ^-aJh)^ oj]s. ^ ^^7> -^-^^•(244)0.3. 

tt 3# *)] 1 ±LJ:Gl-(250)£- 4 ^o^E|.(252) iflofl -g-^^ ^i2| S)-a> 

"HI- ^(254)-8r ^1 4 *# ^^^-(252), ^ 1 33 ^s^* $-f-*M ^ 
(246)* ic#Al?l^. 7 fl^-«. iflJf ^ 4 &q ^<S^(252)2] <yjfofl ^s)^ oj, 

4. nfll- €-^(254)<>l ^4^. ^igofl^ *)] 2 ^#S|-^(256 1 258)4 
3))AlHllolAiD|.(260)t>l ^^s)<^ ojtj. ^ 2 ?J#2|-^(256 > 258)^8: -^H #^ 

5. ^s)E) > ^ 4 ^^^^^-(252) ^ §<=»(254)4 -2]^ ^SRr ^1 2 »^-? 0 '^ 
(256)4 *ll 2 l-^-^^-(256) ^l-Jfofl tg^s)^ 2 iL3:^(258)l- i^tt^. *ll 2 

o]^ ^5)]olA-1(240, 242) S/2£r ^ 1 ^#^-^(248, 250)4 ^H^uf 4 
€■ ^ *ll 1 ^#3^^ i ^.s. ?0 i ^-(242)4 -^-Aj-sl-Tfl, *)) 2 

fl-q-i) ^1 2 ^*g«K256)-g- *]] 2 iLJ:^(258) ^ *) l^s]^ e)« ^ 

4:71- 4*5 ^'=§^(252), *)] 2^#^-E]-(256, 258) ^ 3*5 ; i < a^(236)-i- 
•fi-5^(244)°.S. SR^i, w^IsJ-d}, ^) 3 JiJr E}-(256)£: =flAlHllol^^.(2 6 o) xflo)] 
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riSl u <WHr ^cf. 

<52> o]^ is)lol^(240, 242), X| 1 5S#^-^-(248, 250) *)) 2 #3^(256 , 258)£- 

^ ^sl-^S c.)=o1^^ j Al2 o 3j Ti0 2 , Zr0 2 S Ce0 2 sfu)- 

^ ^n^JL °1*2:S|M>H^ fc^-jg-g. iBf)ol^(242), ^| 

1 ^#3}-^ £*ig B]-(248) ^ 2 l-#^^-(256)^- * -8-^3 <g 

sfl<>H(242), i ^s^sq a.S^(250)^ 2 ^s^ii] iLJ:eK256)2l ^^e)^- 

^-§- =r Xl 1#^J9BK248)^ ms^-(250) £^ 2 
5 8^(256)3l- »1 2 iLJL ^-(258) -*H°11 $Ht^°l 7fl^M 
<53> *)] i ^#sJ.n]-o] i^n^(250) ^ «K248) , 2 sg-t-^sl iLJ>B}-(258) ^ 

#^•^^-(256), i*|°W(242) ^ l-^-g- i^il °H (240)3 «^*>7l 

tb ^ <^1«^ ^£1- ^SRr ^| !^ A] 4 oj|^ <gig$. ^<^s> 
4. 

<54> £ -^AHHH^ £. l a o] ^AloflSj- «lS€r>^, 3f-^ t§Aj -g-^)A] 

<55> o]*|. £ ia2l HVE^fl X|3t H"^* £ 2a ifl*l £ 2c# f2£ A d^^cf. 
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<56> J£ 2a» , wVE^ll 71^- (10) -tfofl LOCOS ^ SEtt ^ °] 

-8-sj-oJ i4 *s1Bj-(i2)* $>8*M *^ ^, *^ i^ie) 

* H^th}. E^liEjb ^ isll°H(22)« 7>*H ^"3^(20)^1 7MS 7fl 

sa4. 



<57> 4^.; »l j ^ ^<g^(24)* ^^s>i, »1 1 ^<3#(24) iJH M^iEjSl 

H.eflol «S^(i8)i|- ^ ^ai^L(26)» <8^3r4. *J 1 €^#(24) 

^•ofl SE^^-i- ^^^]SL aflE^sH u lSeJ-ol s@| 3flc( 30 )s. ^^S)-cf. alEefo] &q 
i||=(30)7> $>g^ ^3^# ^^ofl *H 2 3£«K24)* ^^cK J£X|e|*] 
#StfiA+ sf|^(30)Sf 3#*Hr = 3^(24) #4] 

t}. *fl 1 ^^^-(24) ^ *fl 2 f-^V ^^^"(28)* -^z^o^ e^xI^e^ i 

3!, °1e1#, iif, ^i^l^HE, ^^-e ^e|A>oic ; ^ 

<58> §e] I1 (32)7> #JE*]1 7l« ^(precleaning)*}^, 

<59> o^ofl sem l-a)ji(32)# S^Hr »1 2 33*(28) ^^<H] 

$4. ^ S.^ ^Mfc -fr^-fr Ti0 2 , A1 2 0 3 , BaTi0 3 , SrTiOg, 

Bi 
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4 Ti 3 Oi 2 , PbTi0 3 , Si0 2 , SiN, (Ba, Sr)Ti0 3 , (Pb,La)(Zr ,Ti )0 3) Pb(Zr,Ti)0 3 , SrBi 2 Ta 2 09 
Sfe ©li-a] $<S« ^ 9X^, PZT, BSTSf -§;-§- 

-3-^ §3 *H?- 1S)^ aiz]- ^;g* ol-g-^o} aflE^£)^ ( 

3^(38), -fr#sK36) g{ ^ #^(34)0.51 ?fl^A]Ei# ^^tf. 

<eo> JE;*}^* SSeflxliE uI^els. 0 )j%-z}^ aflE^^H 3^" 

(38)* cf*. 3^-(38)2] ^jitj. a ^js. ^ 4^. ££ efl^E nj-i 

£L# <>l-8-*M -fh#^(36) g *Hf sflE^^-o-s^, -B-3^(36)^ *Hf- 3^ 

(34)3 ^ol -g-^^Ji ^ ^^-(38)21 ^ol s}^ 3^(34)2) fa4 7 j.*j 

(38)* 4*, ^-¥- 3^(38)2] ^jitf -g- 3 7ll- Xl 2 p}^ 

JEL# °]-§-*M BflEi^^- cfAl -Jf^s} zl^ e 37]# ^ ^ 3 iJL 

efl^liM 4 i3f o]^.s>^ Spf- E^sj-i sflEl^fl-o.s^, #JjL 3^-, -f^u}- 5 ajj^. 

<62> £ 2t>4H, 7fl3flAlE-)7l- ^ofl Xl 153^3^(40, 42)* ^^^4. 

*)] 1 ^2^(40, 42)-fr ^ Xl 3## SS^CE 2 C Sl 44 #a) ^ *^o] ^^Sj-fe. 
^-AVo.s.a.^ ?fl2flA)E^# Xl 1 iLS:^(42)^ XI liLHK42)4 fl) 

3))AlE-) AWofl Bfl^Sl<^ XI 1 ^^^(42) ^ A] ^-^sj- ^# 
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Xl 1 «K40)3|- Xl 1 iLjL °K42)£- #*JS zj-zj-sj 7l^ofl ir).e)- 

^ <>)#* ?H4. *)) i 1t^^e|-(40)^ X) 1 J±£e|-(42)* ^ -tt^-l-S •=>) 

^^H, AI2O3, Ti0 2 , Zr02, Ta 5 0 3, Ce0 2 3. o^o^o] H^ai^c)-. 

5Etb, Xl 1 !^BK40)4 ^ 1 li4*K42)* , 3Efe 

7]^^ ^ afe ^7]-s- #3" ^ f-* <M-8-«M ^^tbcf. XI 1 #aj.*g 

«J-a]£. ^@js>^ H>^-3je>tq-. xi liij:^ * 0 vx»H sl*fl ^z}-^ 

^*H°> #4. ^, x] i*^-3gej-(40)o.s >M--8-3fe #^3}- "S^eI ^«b^ 

^ XI 1»-§K<J5K40)51 -^-Tlll- ^3^1?]^ -^-^^(36)^ ^ ^jqq. ^ o.^ 

#34 ^ 33. Aj-EfloflAi XI 1 1-^-^^(40)^ <S^e) ^rSL# ^Sl-A]?] 

^1 ^#^(36)21 4^«*«>1 aji^fe £;£ §-o>^ ^ o^cf. X| ! £.^^^(40) 

£r-£fe ?«3fl^El ^Aj o]^ ^ g:^. ^-^g).^ ^jg 4 v 

3} ^-xl no)] 4s aV-SlX] "flS-el nj*i*i ti^H 3^ 

XI 1 ^(40) XI 1 2.3L^ X42) AS A1 2 0 3 # ^iMS, 

X) 1 **'8«K40)<e- #3" Ih^* ©l-8-*H 10 s)» 10 ifl*l 15A^ 
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7}*M, #4? 1*13 «<H>* °1-§-sH *4)7l«1H 400 ifl*l 660t<>lH 5f i^- 

& 1*1 2^4. I*!^ ^1 1 1-^-^b]-(40) -tf^l A1 2 0 3 # ^7,}^ <^aj- ol-g-s> 
^ 1003)» <§^H?H 80 *fl*l 130A^ ^l* 7Mfe 4 l iLJ:^(42)-g- «<S$t].. >fl i 
liS^(42)-a- -*Bi-g-^7HH 400 600^^1^ l^-Tj- ^^a)^cf. ^ 

7H *)1 1 l-^ 1 ^(40)^ *]] 1 J±Jl°K42)s1 -Jf-^ofl i^sH ^^s)^ ^o] c> 

qjl l-^K'^ AI2Q3* 3 ^ "3*1 2} £-.£7}- 400 ifl^l 600 3* 3L 

3)«H 3°) 4. »1 1 ni.(4 0) ^ <g^sH *)) l-S-^-ag ^-(40)«>1 

s. 2 C ^i^i, *n 1 ^-s-sj-^w ^'gofl *m 3 ^<a^(44)^- ^^tt 

4. *)1 3 ^"3^(44)£r ^1 1 ^<S^-(24) ^ »1 2 ^ ^^^(28)3!)- ^ , ^ 

-^el-g- ^s^BSGsJ-.BPSG^, TEOS ^, i^-TEOSHl- , PE-TE0S^-, USG^- 5E 

^(24) 3* 2 *?b ^^^(28)2)- ^ol j^)^^^, 

s-s* ^-T-°n^, -as 7>i(siH 4 )s}- ^ 7\±,7\ *v%7\^g_ =L&mi 

S. ^*l-7fl €4. ^e]i4 ^oflAlfe 1 ^£S}.BK40, 4 2)^ ^ 1 ^^-(42)<H1 
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^(40)^ 1 S.S.^(.42) ^-^Al \fr^j3^fe ^ SgnV o>u)e]. ») 3 ^ ^^uj- 

<68> n^t-l], »1 1 ^-(40)ol 1 J±3r°K42)3Zf * ^t!" #^3. ^5)0^ ^ : 

#-^^(40) ^3] 2i4s)7) &^cf. n}^, ^1 3 ^^n)-(44) ifl 

•S- < a« ^r±S] SJ-a^ ^3-§- °]-§-*H *H 1 1-^.^^(40)0)1 SlSfl JitJ- 14 

23^(44) 43 AjajHl 7 ]. # ,g_ #; g.g. Tj^ofli^ ^ ! ^ 

°m4r &^*]?]7] ^ ^<M ?>7ll ^Cf. Oj-HM ?)) 

3)lAlE-l ?J^S|-^- t§Aj ojjjLcq -g-^o] JjLt} ^^CK ne)j7 1-3.^1 gj=^ ^ 

•a*^-* -M-§-*}"S-5. iiSl- ^4jAl SJ-Al^ Z}&*}7} fl«fl -Pr^Hj-Sl ^ 

i ^sj-^ ^€ 7|t <3^3|- nfli- -e^ -t 

5]ZI^ ^*J-ol ^7V*H i^S) -H-Ajol ^^-i- 1 «>7)1 

<69> ^1 3 ^£^(44), *fl 1 jas^-(42) * *)1 1 l-^-^^(40)^- -f-Aj-o} o_ s 

71ai l M.s.^rU2)^- i !-ij-5g^-(40)°l #<Ut!- oI^M^jels., -as»-g- «§>a 

(44)3] aj-£ ^ 3Bj (46)T g. ^^^.cf. ojJjL s\m. <g^e] ^.g. 

<70> cf-g-, 3l)A]Bl]o]A i ^ ( 52)^. ^Ajs>7l °1 3<H) pfl ^ ^&\(46)°) ^Aj^ HV£^) 7l & 

^] 2^$s}-^(48, 50)# *§Aj^ch ^1 2 ^ 2l^-^^(48)4 ^| 2 i 
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^-a>c. s « e1 ^SflAlEl* Ji^^7] X] 2 Jii«K50)3l- X] 2±LJl^ 

(50)2)- X] 3 ^^^(44) a}o}o\] B<(\x\s\oj xi 2 iJ:^(50) a] ^5)^ 

*. °fl"S- l-'S ti7|- ? fls))AlE^ *^BJ-o.s SWRr 3# X] 2#^-^e]-(48) 

* 2 l-^sg BK48) 5? 2 JiSBK50)-8- X] 1 t-iK o 'HK40) 5? 1 2L2.*K42W 
2°1 »«S zl-zj-o, 7l¥o)1 ^ 0]#4 ^ o]cf ^ 2 ^ 

^(48) g X] 2 JiLJiS]-(50)^ X] 1 #^-3as]-(40) ^ Xl 1 1LS.^(42)3\- Qo] , =4? <J 
s**s. o]^.^^^, Al203j Ti02( Zr02> Ta503; £ ^ Ce02 ^ o^o^o] n].^^ 

4. ash x] 2 l-^-^q-(48)3l- XI 2 «£J:^(50)€- 3J*l-# ^oj- se^ #<y- 

s**M#§^ ^ ^ s^p}. ^*i- 7 i^ ^ ^ A1-8-SH ^^4. XI 2 «- 

Sls. -g-^ 1*)e} ^-g- #6\ »| 2i3:^-(50)^ 3^ ^o\] 

<72> X) 2 «-^BK48)41 ^7)1^ XI 21-^-58^(50)^ I^E) ^£ ig-ig^. 3^ 

1 *^^^(40)^ <I^5l 7J^ AV-g-^Cj-. 

<73> XI 2 5g#S)-E]-(48 > 50) o]*oi) aflAlBflol^ ^Al*H 2fl^Hflol^^( 52 ) 

* =fl^l«iloi^o|-(52)^- ^e)s ^aj-gj., -^e^ -y-Sj-B]-, xv^^aj. £ 

^ ^ *W ^(52)^ sj-^l^zv^^, a-el^aj- 
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<74> bJ|a]h1| 01^^(52)^- #e}^> ^^l^zv^-i- Al~g.Sj.oj ^sl^^^^S. 
*Rr ^iL^, »i|7fia a>^-5)^. ^^(SiH 4 )^ <&5.ijo} 7>i(NH 3 )<>ll ^«fl 

7\+7\ sf-^SrS. sF^^cf. tib 3))^Hfl°l^^-(52)vflo)l -g-<a£)o) $icf7> o] 

^ jj-a-a: 7$ 2 3a-&^ai ^ 2 iui^csoHi ^ 2 

J_.:£«K50) SHfofl $.33 x| 2 «^«j-(48)£ 2 ^.S^-(50) ^^Al iHM^r ^ 
<75> *\) 1 ^#^-51-31 ^1 1 g.ij.sgtii.Uo)^ *)1 2 *^^^-(48)ol *fl 2 Ji 

*i sifecK nj-eH, 3flAimi<>i^e}-(50) *«a€ =r^^ ?na-* ^t-g-si- 

<77> £ 3a# #£*M3. a>£^)l 7l«(210), ±x\ £-am(212), S 31*1^ (214, 216, 

218, 220 S 222), 1 ^"3^(224), ^ #e^(226), 2 ^^(228), 

h)S el-oi sbj 3 |) = ( 230) > s^i #Blzi (232)* £ 2a«Hl JE^IS w> £ ^ 

7l*(10), *B]BK12), <=€*)^eK14, 16, 18, 20 g 22), 1 ^<a^-(24), 

3*3 #«H^(26), *l| 2 «gSK28), HlJ= j^o] € ^^^ (30) ^ ^a; f5)j (32) 

<78> #e^zt(232)7l- BV£^)1 7ljfl. ^19* equl ^ (precleaning)^. 

*1, ?1# ^^ofl $Ajg ^<gAj.^ni.^. ^Ti^ji ^11 2 ^<a^(228)-ir 
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#«! «^n(232)» i'g-SRr XI 2 ^4(228) 3^°)) £#^4 o|« 

*fl£^ ^4, ^ -StSj-*^ 31 ol^Sl 2:^4* Ei*W *H?- £#4* ^ 
■$is}jL BflE]^sV^ 7fl3))AlE-l2] *>^. ^^-(234)* ^tb4. ^ ^(234)* £#SH 
Xl 2 ^<34(228) ^ofl -f-^^o] ^ ofl^ =^ 3j.«j- 7 ]^2}.^ j ^.ej^^^j. 

^ f-4 U-'S-a- *)-8-*H X| 3 ^^q-(236)-§- ^] 3## ^-34 

(236)£- £ 2c3 XI 3*# ^4(44)4 -333.^3. ol^^t).. i^-g., 

a<S^(236)iJH fflBflAlElo] sj.j=l ^^-(234)* 7 fl^.«.(238)# 
. £ 3a<Hl-cr 7fl^(238)£l s. ^4 ^ 5^1453.0,4, sHf- #^4 

#4 ^3 .2.3. *^«F>H tg^fJ: ^5. &4. 

4"§" *4 wj-^ gc^ ^.t)- 7l ^3}-^ A}--§-^ 

isl °14(240)-& ^^S>J1 <ge>H -M-sj-sy-g- isjlo]A^|(242)* ^ tb^. JSLJ:-§- iifloH 
(240)4 ##^-8- :iXH4(242)fe f^a T^^fe =L 71^1 44 4s 

°l*-ir ^^ch Ji3:-g- iJfl<>H(240)fe X] €^4(236)0)1 ^-<y^ ^4i7]- o] 

$jg^ ^#4(.£ 3b4 244)J5.3. 3}^ s 0 v^3>^ <34h§- ^ ^sg-g- ^ 

SfloH(242)fe iLJ>-g- :iBll°H (240)4 -R-#4 Afolofl ^40) jiji-g. 

i2fl°H (240)4 ^ *H lHI4fe *ri7> -^#4(5. 3b4 244)AS. ^sfe %\ 

^-4. 

Jii-g- (240)4 l-^-^-S- ^5)H4(242)£r £ 2a ifl4 £ 2c°ll 44\+ XI 

i ^444 XI uti4-(42) ^ XI 2 ^#444 ^1 2^4(50) XI l ^444 

X) 1»^4(40) ^ XI 2 ^444 XI 2 1^4(48)4 J£.^°-3- *^^r <* 
* l-'S ^ ^41-3. ^€4. **| A1 2 0 3 , Ti0 2 , ZrO 2 . Ta 5 03, Ce0 2 3 
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o^o] til-ej-zifsl-cj-. 

<82> isflol^(240)^ 4^-t" ^sM?)?] ^gfl 400 tfl4 600 1 5 -thfc *fl7l 

^eR^. °l*l2l€ t-^KJ-g- i*l°H(242)« f ^t!- * *^-^-§- isfloH 
(242)S) 4^ ^^-S fl^l 400 600°C ^ -ihfc -g-$|7HH <t*)e]?!4-. jiJi-g- i 
Jfl°H(240)4) l^sl^ <S«|aj.2.3. ^ 530.1+ iXl°H(242)^ <l*i 

Bl^ a>=>-l ^SH^ tF4. tfo.^, jiJi-g. iall°H(240) *1 fl^fe 

^7} ^ *g^4-c- -S-^-^-S SK>*H -n-^4 t^S^H^-olcK 

<83> ^ > ol^(242)7> iLJi-g- =iXl°H (240)4 ^Utt #^5. ^s)^ 

iifloH(240) tf-fljqfe ahthS; 4#*l-7l ^ 

J*«>W(242)£] ^*l]4 ^X|°H(242) fl>8 °1^ "g^B] XH*H!r 

^Jl*}4. -S^-jg-g- i*|«>H (242)3 ^1 3* «*l3l ^Sj-fc xi 1-^aI 

X| 1 *^-flq-(40) 51 XI 2 1-^-58 B]-(48)2l ^4 -2-SL ^^)# S^fe 

<84> £ 3b°)H, 7]RJ?-(238)fc ^ «fl* S« Af-g-sH ^fl=H^l 

-fj-^ 4(244)* $^$th tj-g-, ?lWEi<>j ^4(244)^ #Jfo|| S*!*^* £5. 
3 dBe^sH ^ #^(246)-8- ^$4. £ 3b<HH ^ ^(246)3] ^ JiLJl-g- 
^X1°H(240)4 l-^-^-g- iH«>H(242)# -fj-;*14(244)3) 3.ji4 4X) ^s) 

ol *#4(244)3l ^-4 'g^^ o.S *«!SM| ^S. &4. 

<85> «^ ^(234), 4(244) 35 #^(246)°.3. ?fl sfl a] E] # 

^ , ^nfl^lEll- #4-b XI 1 ^#3*4(248, 250)* ^"Hl >S^fl4. XI 1 39# 

21-4(248 , 250)^r ?H*I14^4 ^^"(246) g Xl 3*?V ^^4(236) ^<=>il S^Sjfc. 
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*fl 1 l-^ ? o 1 e n H248)4 *)1 1 *^e]-(248) ^o]] %^S\±= 1 i^^(250)* S.^ 
4. *11 1 l^^(248)-gr *\] 1 -g-°Jt!- ^£)sl 1 «:-IK 0 is}-(248) 

^ J5L *^ "S^ell- *ll 1 Ji^e]-(250) t^sq- -3-3^(244) °. 

3. sKH?]-*r ^-fr <*!-§- tbcf. i iLJL^(250)£- o]^ 

Q^iSL ZcS) 252H) -g-<y£M ^-^S^-El ^^-(244)# iL^S} 

<86> ^ i l-s.^i^(248) * 1 JiLJlBl-(250),e- ji^-g- ^0^(240) ^ l-^-g- ^ 

2HolA^(242)i2f ^ojs|-7)l ^ ^^S. o^o]*]^, M.*] Al2 o 3 , T i0 2> Zr0 2 , Ta 5 0 3 , a 
£r Ce0 2 3- °l-¥-<H3H v}^-s}t\-. at!-, ^1 1 ^(248) 5? 1 iL§> B]-(250)£- 

#<&2H|-7l^!H^ 1 -« ^ }-'3 , ^oj-^ 7) ^2}.^ j ^eJ-a^aj-flJ^UJ-^ wj-^ , 

<87> ^ i 1-^-^^(248)^ 71^* ^^*>7l ^-S) ^]<4 jf^t <g^e| 

l-Hj-^-g- isJoH(242) % 4 1 ^Al^]o] ! a.s. ? j^- (40) tf ^ 2 #s.? 0 i^- 

(48)2] ^ ^ ^ej U-«a3|- aj^^ o. s 

<*> 1 -£^(250)3 tjs§ ^ a.^^. s^Al ? )7l^u)l &4\7M*\ 

400 ifl*l 600t:S. *Ja]^- ^ 014. <g^e]-fe- ^ <i^e) ^ £^ 3)u|is. 

°l-§-^ #11* jfl-8-« ^ 
<89> £ 3c<^M. ^1 1 #3^(248, 250)°1 3^ 3^ ^ofl ^| 4 ^ g 

<as]-(252)-§r 4 ^^(252)* 1 tfl*j ^ *3<3b]-(224, 228, 

236)4 ^l, -SalS- -i^e}-, -tie]^ ^JsJ-^.BSG^.BPSG^, TEOS ^, J2.#-TE0S^, 
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(252)* *\] 1 ifl^l *)1 3 ^^^-(224, 228, 236)*)- C VD, LPCVD, PECVD -§-:nf 

* "^AS. ^ &cf. uj-^, £ 2c<HH w>4 £o] xl 4 ^ ^^d]- 

(252) ^ *1 ^r±7} ^MS^M x) 4^ ;§<£n]-(252) vfl<fl *«a^<H $44. o]^ 
»W go] o]^si\ <£x\s] 43|<*W a^*) 7flaeAlE-l^ -^-^^-(244)^ £.3. 
>\] €4. ^3 ^-av Tj^ofl^ Xl i JeLJlBK250) % * 1 #SJ-5g^(248)°_3. °1^-<H*1 
Tr 1 5 g^-^, ^1 3 ^<a^(236), J£3L-§- i^lolA-l(240) ^ l-^-g- 

^*!1°H (242)7} *\) 4 ^<g^(252) ifl«fl 

°1 -S-^^-(244)<^^l SiH?)-^ o.s. -i^> ^* ^1 ^£.7> 

*l] msB]-(250) ^ 11-^-53^(248 HI 21*11 ti SK>°1 ^€4. 
^^N), *)1 1 ^-(248)^1 X) l j£5:i3K250)S} tMH «l*fl Aj-cfl^o.^ g^) 
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